Introduction
Moisture plays a key role in several aspects of human life such as water supply for daily needs and agriculture. Yet the global hydrological cycle is poorly understood, and only recently, attempts are being made to study the causes of longterm widespread droughts and floods. Before 1980 the operational analyses did not permit a realistic evaluation of the hydrological cycle [Rosen and Salstein, 1980] . Trenberth [1991] studied the moisture budget from the ECMWF (European Centre for Medium-Range Weather Forecasts) data and obtained realistic patterns. Trenberth and Guillemot [1995] evaluated and compared the hydrological cycle in the NMC (National Meteorological Centre) and ECMWF analyses and noted relative differences. Rasmusson and Mo [1996] found that the hydrological cycle derived from the NCEP (National Centers for Environmental Prediction) operational products Copyright 1998 by the American Geophysical Union.
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0148-0227/98/98JD-00943509.00 were useful descriptions of the atmospheric branch of the hydrologic cycle. Mo and Higgins [1996] compared the general features of the hydrological cycle in the NCEP/NCAR (National Center for Atmospheric Research) and NASA Data Assimilation Office (DAO) reanalysis products. They concluded that the NCEP reanalysis can be used to examine broad aspects of the atmospheric hydrological cycle.
One source of interannual variability in floods and droughts is the E1 Nifio Southern Oscillation (ENSO) phenomenon, which is responsible for the extreme phases of opposite sign in rainfall in the tropics and subtropics [Glantz et al., 1991] . Two Mo and Higgins [1996] . The purpose of the present study is to evaluate the moisture budget in the tropics for the 1986-1989 ENSO cycle. We use the NCEP reanalysis data for this purpose. We try to identify limitations and merits of these data by comparing with other independent data wherever possible.
One important aspect of the general circulation in the trop- Regarding the generation of the Walker circulation, Bjerknes [1969] suggested that it is driven by the gradient of SST along and south of the equator in the Pacific. He conjectured that over the eastern Pacific the air above the cold water belt cannot join the ascending motion in the Hadley circulation. Instead, the equatorial air flows westward to the western Pacific where it is supplied with moisture and heat from relatively warm water and can therefore take part in the large-scale moist adiabatic ascent. An underlying assumption in this picture of the Walker circulation is that the source of the precipitation, which drives the circulation, is the local evaporation associated with warm SST. However, the heat balance study by Cornejo-Garrido and Stone [1977] suggests that the primary drive for the Walker circulation is the longitudinal variation of condensation. They also noted that in the regions where the condensation is maximum, the evaporation is minimum. Nevertheless, the Bjerknes hypothesis might still be invoked as an initiating mechanism for the Walker circulation.
The results of Cornejo-Garrido and Stone [1977] implies that the excess of condensation heating in the region of maximum condensation is supplied by the horizontal convergence of moisture. Thus the second objective of the present study is to verify whether this is in fact the case or not with an actual calculation of the moisture budget of the Walker circulation. We study the moisture budget of the Walker circulation for the 1986-1989 ENSO cycle giving emphasis to the DJF (December, February, and January) season. We will try to estimate the relative roles of evaporation and moisture convergence (or divergence) in the interannual variation of precipitation associated with the Walker circulation.
Data Sources and Methodology
The data used in this study are monthly means of zonal wind (u), meridional wind (v), specific humidity (q), precipitable water (W), and precipitation (P) of the NCEP/NCAR reanalysis for 1986-1989 period. Data have a horizontal resolution of 2.5 ø x 2.5 ø (latitude and longitude) and span globally. Data at 1000, 925, 850, 700, 600, 500, 400, and 300 hPa are used in this study. Detailed description of the assimilation systems and output are given by Kalnay et al. [1996] . In this study we compare the rainfall climatologies from the NCEP reanalysis with the rainfall from the Microwave Sounding Unit (MSU) over oceans and station observations [Schemm et al., 1992] . Mo and Higgins [1996] made a comparison of these data for the annual mean rainfall and analyzed the realistic differences and agreements. Since we propose to study seasonal variation, here we compare the long-term means for January, April, July, and October. We also use Global Precipitation Climatology Project (GPCP) results of Huffman et al. [1997] . As noted by Mo and Higgins [1996] , the validation is not absolute. There are uncer- (Figures 4f and 5f ). In both seasons, in this area, the precipitable water changes are larger than the precipitation changes. Over the Indian subcontinent, the high precipitation in JJA 1988 was associated with higher precipitabe water. A close examination of Figures 4c and 5c shows that over northeastern Brazil, higher precipitation in DJF 1988/1989 was not associated with higher precipitable water. A similar feature was noted earlier by Rao and Marques [1984] . Figure 6 shows the vertically integrated water vapor transport for austral summer and winter seasons for the two contrasting years. In Figures 6a and 6b, during 
Moisture Budget of the Walker Circulation
In this section we will discuss the moisture budget of the Walker circulation for two contrasting years. 
Concluding Remarks
In an earlier study, Mo and Higgins [1996] concluded that the interannual variations in the moisture budget associated with the 1986-1989 ENSO cycle are captured by the NCEP reanalysis data. However, in their article there was only a brief discussion of this ENSO event. In the present study a detailed discussion of the moisture budget is given, using the same data. Also, the moisture budget of the Walker circulation is studied. Some of the principle conclusions are given below.
Comparison of the (13 years) mean rainfall and evaporation characteristics of the NCEP reanalysis for January, April, July, and October with other independent data showed that the general precipitation zones associated with the ITCZ, SPCZ, and SACZ are captured by this analysis. However, the seasonal variations are not reproduced well. There seems to be some problem in the NCEP reanalysis in the reproduction of the [1977] . However, over the Amazon region, evapotranspiration seems to have an important role in the local precipitation.
